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We report on the results of magnetic susceptibility and high field magnetization measurements on single 
crystals of SrCo2V2O8, which is regarded as an S = 1/2 quasi one-dimensional Ising-like antiferromagnet 
and is almost isostructural to BaCo2V2O8 that has exhibited a field-induced order-to-disorder transition. 
The magnetization measurements have been performed at 1.4 K below the Néel temperature TN = 4.8 K 
in pulsed fields of up to 50 T. The temperature dependence of magnetic susceptibility parallel to the c-
axis (chain axis) has a broad maximum near 40 K, which is typical of a low dimensional antiferromagnet, 
while the susceptibilities perpendicular to the c-axis do not show such a maximum. The magnetization 
at 1.9 K along the c-axis shows a steep increase at 3.8 T as in BaCo2V2O8, corresponding to the field-
induced order-to-disorder transition. The magnetization curve along the c-axis up to the saturation 
magnetization is well fitted to the magnetization curve calculated by the exact solution based on the 
Bethe ansatz for an S = 1/2 XXZ model, and this analysis provides parameter values for the exchange 
constant J/kB = 78 K, the anisotropic exchange parameter ε = 0.50, and the g-value along the c-axis 
gc = 6.1. In contrast, the magnetization curves perpendicular to the c-axis show gradual increase up to 
50 T. 
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Quantum spin systems in high magnetic fields have attracted much interest, since they sometimes 
show very fascinating phenomena, such as a field-induced magnetic ordering, the so-called Bose-
Einstein condensation of magnons, in a spin gapped system [1] and magnetization plateaus in some low 
dimensional antiferromagnets [2], [3]. One of the current topics in magnetism in high magnetic fields is 
the spin-nematic phase that is expected to be observed near the saturation field [4] in a spin (S) 1/2 quasi 
one-dimensional (1D) frustrated magnet with a ferromagnetic nearest-neighbor and an 
antiferromagnetic next-nearest-neighbor exchange interactions [5].  
BaCo2V2O8 also shows intriguing features in magnetic fields [6], [7], and is a quasi 1D Co2+ spin 
system (tetragonal I41/acd), in which edge-sharing CoO6 octahedra form a screw-chain structure along 
the c-axis, and the screw chains are separated by non-magnetic V5+ and Ba2+ ions [8]. Specific heat 
measurements of this compound in magnetic fields along the chain direction (the c-axis) have revealed 
a field induced order-to-disorder transition, namely the transition from a Néel ordered state to a spin 
liquid one called a Tomonaga-Luttinger liquid, at the transition magnetic field Hc ≈ 3.9 T [6], [7]. The 
high field magnetization curve of BaCo2V2O8 at 1.3 K for H || c exhibits a steep increase at Hc, and 
reaches the saturation at Hs = 22.7 T [9]. This result is well described by the 1D S = 1/2 XXZ model with 
Ising-like exchange interaction. The model is given by the Hamiltonian 
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where J> 0 is the antiferromagnetic exchange constant, H an exchange anisotropic parameter, PB the 
Bohr magneton, ࢍ෥ the g-tensor, and H the external magnetic field. The parameters obtained from the 
 
 
Figure 1: (a) and (b) are the views from the c-axis as projected in the ab-plane of BaCo2V2O8 and 
SrCo2V2O8, respectively. For clarity, V atoms are omitted. The arrows indicate the rotational 
directions of the screw chains when proceeding to the c-axis direction. 
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previous study are J/kB = 65 K, gc = 6.2, and ε = 0.46 [9]. Thus, BaCo2V2O8 is a good realization of the 
quasi-1D S = 1/2 Ising-like antiferromagnet.  
SrCo2V2O8 is almost isostructural to BaCo2V2O8. Although both compounds have similar chain 
structures along the c-axis, SrCo2V2O8 has a non-centrosymmetric crystal structure (I41cd, 
polar) [10][11], while BaCo2V2O8 has a centrosymmetric crystal structure (I41/acd, non-polar). This 
difference may cause different magnetic and electric properties between these compounds. In previous 
magnetic susceptibility measurements on SrCo2V2O8 [11][14], the temperature evolution of magnetic 
susceptibility for H || c exhibited a characteristic broad maximum near 40 K, as has been commonly 
observed in a low-dimensional antiferromagnet. From specific heat measurements, the Néel temperature 
was determined to be 4.8 K at H = 0 T [12]. For H || c, the transition temperature shifts to lower 
temperature with increasing magnetic field, and the field-induced Néel order-to- disorder transition takes 
place at about 4 T and 2 K [12], which are similar to the findings in  BaCo2V2O8. Below TN, long-range 
collinear antiferromagnetic order was observed by powder neutron diffraction measurements [11].  
Figure 1(a) and (b) show the projections on the ab-planes of BaCo2V2O8 and SrCo2V2O8, respectively, 
drawn by using the VESTA software program [15]. Ba2+ and Sr2+ ions are different in ionic radius, and 
the symmetry of the CoO6 octahedra is lowered in the latter. As can be seen in the figures, the local 
symmetry around Ba ion is different than that around Sr ion, and these important differences, which 
may cause different magnetic and electric properties between these compounds, are generated by the 
variations in the shape of CoO6 octahedron.  In the present paper, we will report on the similarity and 
difference between SrCo2V2O8 and BaCo2V2O8 from the results of the high field magnetization 
measurements on single crystal samples of SrCo2V2O8. 
2 Experimental details 
Single crystal samples of SrCo2V2O8 were grown by using a floating zone method. First, 
polycrystalline compound of SrCo2V2O8 was synthesized by a solid-state reaction. The starting materials 
SrCO3, Co3O4, V2O5 were weighted in the stoichiometric proportions and well mixed. Next, the mixture 
was heated at 950 °C for 72 h under air in a Pt crucible with several intermediate grindings. Then, the 
powders were pressed into rods and sintered at 950 °C for 24 h for use in the floating zone furnace. 
Finally, the single crystal was obtained by pulling the rod at the speed of 0.5 mm/h in a mixture of 
flowing oxygen (20%) and nitrogen (80%) at ambient pressure.  
Magnetic susceptibility and magnetization at low magnetic fields up to 7 T were measured with a 
commercial SQUID magnetometer (Quantum Design, MPMS-XL7). High field magnetization 
measurements at 1.4 K on single crystals of SrCo2V2O8 for H || c, H || a, and H || [110] were performed 
in pulsed magnetic fields up to 50 T. The magnetization in pulsed magnetic fields was measured by 
means of a standard pick-up coil method, and the calibration was done using the low field data taken by 
the SQUID magnetometer. 
3 Results and discussion 
Figure 3(a) shows the temperature dependences of the magnetic susceptibilities of single crystals of 
SrCo2V2O8 measured at 0.1 T applied along the c, a, and [110] directions. Here, we performed the 
magnetic susceptibility measurements to check whether the magnetic properties of our synthesized 
samples are the same as reported previously and to know the quality of the samples, because a steep 
increase at low temperatures was reported in a previous measurement [12] and was not in other 
measurements [11][13], [14]. The broad peak of the susceptibility for H || c is observed near 40 K as 
well as the previously measured magnetic susceptibility for H || c. The susceptibility along the c-axis 
High ﬁeld magnetization of single crystals ... A. Okutani et al
781
  
exhibits a rapid drop below 5 K, and those along the a and [110] directions are very similar to each other 
with a peak at about 5 K, corresponding to the Néel temperature. These observations indicate that our 
samples are of good quality. The large anisotropy is observed between magnetic susceptibilities for H || c 
and H A c. Figure 3(b) shows the magnetization curves at 1.9 K in magnetic fields of up to 7 T. A rapid 
increase, which is probably caused by a field induced order-to-disorder transition, is observed at about 
3.7 T for H || c. The aforementioned results are compatible with those in the previous 
measurements [11][12]. For the field directions applied perpendicular to the c-axis (a and [110]), the 
magnetization curve for H || a deviates gradually from that for H || [110] above 2 T.  
Figure 3(a) and (b) indicate magnetization curves and the field derivatives of the magnetization of 
single crystals of SrCo2V2O8 at 1.4 K in pulsed magnetic fields along the c, a, and [110] directions. An 
anomaly is observed at Hca = 6.8 T for H || a, which may correspond to a field induced order-to-disorder 
transition observed for H || a in BaCo2V2O8 [11][12]. In high field region above 20 T, small peaks in the 
field derivatives of the magnetization curves are observed at Hc'c = 23.7 T for H || c and Hc'[110] = 33.0 T 
for H || [110], and the peaks corresponding to the saturation fields at Hsc = 28.3 T for H || c and at 
Hs[110] = 45.7 T for H || [110] are observed. The small peaks at Hc'c and Hc'[110] were also observed in 
BaCo2V2O8 [9][16], and they were explained by the softening of the excitation mode at q=S/2 which is 
mixed with the excitation mode at q=0 due to the folding of the Brillouin zone caused by the 4-step 
periodicity along the chain [17]. The magnetization curves have concave curvatures below Hs for H || c 
and H || [110]. In contrast, the magnetization curve for H || a shows a linear increase above Hca up to 
around 40 T, and a slightly rounding behavior above 40 T. The observed magnetization curve for H || c 
is similar to that of BaCo2V2O8 whose magnetization curve is well explained by the S = 1/2 1D XXZ 
model [9]. The difference between the magnetization processes for H || a and H || [110] is quite similar 
to that in BaCo2V2O8. Unlike the magnetization curves of BaCo2V2O8, the magnetization for H || [110] 
is smaller than that for H || a in magnetic fields of up to about 45 T, and becomes slightly larger than 
that for H || a at 50 T [16]. Besides, the peaks in the field derivatives of the magnetization curves at 
 
 
Figure 2: High field magnetization curves and field derivatives of the magnetization (dM/dH) of 
SrCo2V2O8 measured at 1.4 K for (a) H || c and for (b) H || a and H || [110]. Solid and dashed lines 
in (a) are experimental and theoretically calculated magnetization curves. The magnetization 
curve for H || a is shifted up 1.0 μB. 
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Hc'[110] and Hs[110] are dull in SrCo2V2O8. This may be caused by the transverse effective staggered fields 
due to the Dzyaloshinskii-Moriya interaction inherent in non-centrosymmetric SrCo2V2O8. 
We analyze the magnetization curve for H || c of SrCo2V2O8 based on an S = 1/2 1D XXZ model that 
takes into account only the nearest-neighbor interaction. The analysis has been performed by using an 
exact solution based on the Bethe ansatz for the longitudinal z-direction [18]. The dashed line in Figure 
3(a) represents the calculated magnetization curve together with the Van-Vleck contribution when using 
parameter values for the exchange constant J/kB = 78 K, the anisotropic exchange parameter ε = 0.50, 
and the g-value along the c-axis gc = 6.1.  From the magnetization slope above Hsc, the Van-Vleck 
paramagnetic susceptibility is evaluated to be χVV = 0.014 μB/T. The theoretical calculation reproduces 
the experimental magnetization curve considerably well.   
4 Conclusions 
We have performed magnetic susceptibility and high-field magnetization measurements on single 
crystals of SrCo2V2O8, which is isostructural to BaCo2V2O8. The temperature dependences of magnetic 
susceptibilities show anisotropic behavior. The magnetic susceptibility for H || c has a round peak  40 K, 
which is typical of a low dimensional antiferromagnet, and shows a steep decrease below 5 K, while 
those for H || a and H || [110] have no round maximum and shows a peak at 5 K. The high-field 
magnetization curve along the c-axis is close to that observed in BaCo2V2O8 and is analyzed by the 
exact solution based on the Bethe ansatz for the S = 1/2 XXZ model. This analysis yields values for the 
parameters, which are the exchange constant J/kB = 78 K, the anisotropic exchange parameter ε = 0.50, 
and the g-value along the c-axis gc = 6.1. The high-field magnetization curves perpendicular to the c-
axis (H || a and H || [110]) are largely different from that for H || c. The similarities and differences in 
magnetic susceptibilities and magnetization curves between SrCo2V2O8 and BaCo2V2O8 are discussed. 
 
 
Figure 3: (a) Temperature dependences of magnetic susceptibilities, and (b) magnetization curves 
of single crystal samples of SrCo2V2O8 when the magnetic fields are applied along the c, a, and 
[110] directions. 
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